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Abstract. We present CCD UBVI observations obtained in the field of the two previously unstudied dissolving 
open cluster candidates NCC 7036 and NGC 7772. Our analysis suggests that both the objects are Open Cluster 
Remnants (OCR). 

NGC 7036 is an open cluster remnant with a core radius of about 3-4 arcmin. We derive for the first time estimates 
of its fundamental parameters. We identify 17 likely members which define a group of stars at 1 kpc from the 
Sun, with a low reddening E{B — "K) « 0.1, and with an age of about 3-4 Gyr. 

As for NGC 7772, we identify 14 likely members, which define a group of stars with a very low reddening 
{E{B ~V) ^ 0.03), 1.5 Gyr old and located about 1.5 kpc from the Sun. 

Key words, open clusters and associationsdndividual : NGC 7036 and NGC 7772 - open clusters and associa- 
tions : general 



1. Introduction 

The dynamical evolution and the final fate of open star 
clusters in the Milky Way is nowadays a very active 
, research field. Open star clusters are weakly bound 

■ objects with a typical lifetime of less than a Gyr (Dutra 
[ & Bica 2000, Bergond et al. 2001), which ultimately 

depends on the initial mass of the cluster, the birthplace 
, and the fraction of primordial binaries (de la Fuente 

■ Marcos 1998, 2001). 

, Recently, Bica et al. (2001) draw the attention on a 
sample of high Galactic latitude (6 > 15°.) star clusters 
presumably in a advanced stage of dynamical evolution, 
which they baptized Probable Open Cluster Remants 
(POCR). The prototype of this class of objects is 
NGC 6994 (M 73), recently studied by Bassino et al. 
(2001) and Carraro (2001), who performed the first 
multicolor photometric studies of this cluster, but arrived 
at opposite conclusions on the nature of this object. 
While Bassino et al. suggest that M 73 is the remnant of 
a star cluster, Carraro (2000) proposes that it is just a 
chance alignment of four bright stars. 
Although it is a difficult task to unravel the nature of a 

Send offprint requests to: G. Carraro 
* Based on observations carried out at Mt Ekar, Asiago, Italy 

** Photometry is only available in electronic form at the CDS 
via an onymous ftp to cdsarc.u-strasbg.fr (130.79.128.5 
or via pttp : //cdsweb.u-strasbg. f r/cgi-bin/qcat?J/A+A// 



star concentration basing only on photometry, it however 
remains the first necessary step. Indeed sometimes the 
Color Magnitude Diagrams (CMDs) and Color-Color 
Diagrams (CCDs) are sufficient to disentangle between 
a real bound system or a random enhancement of 
stars (Carraro & Fatal 1995, Piatti & Claria 2001). In 
many cases however, photometry cannot help to decide 
unambiguously about the nature of a star concentration: 
in this situation radial velocities and/or proper motions 
studies are necessary (Baumgardt 1998, Baumgardt et al. 
2000, Odenkirchen & Soubiran 2002). 
The census provided by Bica et al. (2001) lists 20 candi- 
date dissolving open clusters, some of which completely 
unstudied. This is the case of NGC 7036 and NGC 7772, 
two high latitude objects traditionally considered genuine 
open clusters, which are the subject of the present study. 
The basic idea of this paper is to present the first 
photometric study of these clusters and to provide a list 
of probable members stars to be further studied with 
high resolution spectroscopy. 

A nice example of that is the recent spectroscopic follow- 
up of NGC 6994 by Odenkirchen & Soubiran (2002), who 
confirmed Carraro (2000) suggestions that this object is 
a chance alignment of four bright stars. 

In Sect. 2 we briefly present the observations and 
data reduction. Sects. 3 and 4 illustrate our results for 
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Table 1. Basic parameters of the observed objects. 



Coordinates 


are for J2000.0 


equinox 






Name 
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S 
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h 




hh : mm : ss 




O 


o 


NGC 7036 
NGC 7772 


21:10:02 
23:51:46 


+ 15:31:06 
+ 16:14:48 


64.55 
102.74 


-21.44 
-44.27 



NGC 7036 and NGC 7772, and, finally, Sect. 5 draws some 
conclusions and suggests further lines of research. 

2. Observations and Data Reduction 

Observations were carried out with the AFOSC camera 
at the 1.82 m Copernico telescope of Cima Ekar (Asiago, 
Italy), in the photometric night of October 21 , 2001. 
AFOSC samples a 8'. 14 x 8'.14 field in a lif x IK thinned 
CCD. The typical seeing was between 2.0 and 2.5 arcsec. 

The basic data of the studied clusters are summarized 
in Table 1, whereas the details of the observations are 
listed in Table 2. The covered regions are shown in Fig 1 
and 6, where two DSSQ maps are presented for NGC 7036 
and NGC 7772, respectively. 

The data has been reduced by using the IRAF0 pack- 
ages CCDRED, DAOPHOT, and PHOTCAL. The cal- 
ibration equations obtained by observing Landolt(1992) 
PC 02331 field 3 times along the night, are: 

u = U + 3.707 ± 0.054 + (0.201 ± 0.060)(C/-S) + 0.58 X 
b = B + 1.545 ±0.006 - (0.068 ±0.007)(B-V^) + 0.29 X 
V + 0.893 ± 0.029 + (0.010 ± 0M1){B-V) + 0.16 X 
i = 1 + 1.624 ± 0.017 - (0.051 ± 0.015)(y-/) + 0.08 X 

(1) 

where UBVI are standard magnitudes, ubvi are the in- 
strumental ones, and X is the airmass. The standard stars 
in this field provide a very good color coverage, being 
-0.329 <{B-V)< 1.448. For the extinction coefficients, 
we assumed the typical values for the Asiago Observatory 
(Desidera et al. 2001). Photometric global errors have been 
estimated following Patat & Carraro (2001). For the V fil- 
ter, they amount at 0.03, 0.05 and 0.07 at F « 12.0, 16.0 
and 20.0, respectively. 



Table 2. Journal of observations of NGC 7036 and 
NGC 7772 and standard star field PC 02331 (October 
21, 2001). 
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Fig. 1. A DSS red map of the covered region in the field 
of NGC 7036. North is up, East on the left. 



3. NGC 7036 

This object has never studied before, and it is not included 
in the Lynga (1987) open cluster catalog. NGC 7036 
(see Fig 1) appears as a weak star enhancement, confined 
within a 3 squared arcmin area in a relatively rich stellar 
field. 

^ Digital Sky Survey, |http : //archive . eso . org/dss/dss 
^ IRAF is distributed by the National Optical Astronomy 
Observatories, which are operated by the Association of 
Universities for Research in Astronomy, Inc., under cooper- 
ative agreement with the National Science Foundation. 



3.1. Star counts 

The first signature of the possible presence of a star clus- 
ters is recorded in star counts. Bica et al. (2001) compared 
star counts in the region of NGC 7036 with a Galactic 
model and DSS maps, showing that NGC 7036 signifi- 
cantly emerges from the surrounding field. 
This is confirmed by stars counts based on the present 
study. 

We derived the surface stellar density by performing star 
counts in concentric rings around star #17 (selected as 
approximate cluster center) and then dividing by their 
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Fig. 2. Star counts in the field of of NGC 7036 as a func- 
tion of the radius. The dashed line is the field number 
density estimate provided by Bica et al. (2001). 



respective surfaces. The final density profile and the cor- 
responding poissonian error bars are depicted in Fig. 2. In 
this figure we take into account all the measured stars. 
The surface density decreases smoothly over all the region 
we covered, suggesting that the cluster has a radius about 
3.5-4 arcmin, and actually emerges significantly from the 
backgroimd. We count 5 stars brighter than V = 13.7 in a 
field of about 9 squared arcmin, exactly the same number 
reported by Bica et al. (2001, Table 1). However we no- 
tice that these stars are not in the cluster central region, 
but populate a sort of ring between 2 and 3 arcmin. The 
cluster center is on the other hand populated by fainter 
stars presumably belonging to the field. This can be in- 
terpreted as an indication of the dissolution the cluster is 
undergoing. 

3.2. Color-Color and Color-Magnitude Diagrams 

In order to better understand the nature of NGC 7036, we 
constructed CCDs and CMDs. The goal is to get some in- 
formation about the cluster reddening, age and distance. 
A hint of the cluster reddening derives from Schlegel et 
al. (1998) dust emission reddening maps. In the direction 
of NGC 7036 the reddening is 0.08. This is basically con- 
firmed by the analysis of the {B — V) vs {U — B) diagram 
presented in Fig. 3. Here we consider the stars brighter 
than V = 17 (filled circles) which lie very close to to 
the empirical Schmidt-Kaler(1982) ZAMS (solid hnc), and 
therefore are weakly reddened. The remaining stars (open 
squares) are much more dispersed. 



Fig. 3. Color-color diagram for all the stars in the field 
of NGC 7036 having U BV photometry. Filled circles in- 
dicate stars brighter than V = 17, whereas open squares 
indicate the remaining stars. The solid line is a Schmidt- 
Kaler (1982) empirical ZAMS, whereas the dashed line is 
the same ZAMS, but shifted by E{B -V) = 0.1. 

Table 3. Photometry of likely member stars in the field of 
NGC 7036 deserving further spectroscopic investigation. 



ID X{p'ixels) Y{pixels) V {B - V) (U - B) {V - I) 



To guide the eye, we plotted also an empirical ZAMS 
(dashed line) shifted by E(B -V) = 0.1. 
It seems that when looking for possible members one has 
to consider the brightest stars. It is no possible on the 
other hand to select cluster members by using individual 
reddenings, since the stars in Fig. 3 are probably of 
spectral type later than G. 

The same indication about the reddening derives from 
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Fig. 5. CMDs of the stars in the region of NGC 7036. In the left panel we plot all the stars. In the middle and right 

panel wc consider only the stars in the ring defined by 1.5 < r < 3.5. The dotted line provide a magnitude limit for 
probable cluster members. Finally, the solid line is a ZAMS shifted by E{B — V)= 0.1 and (m — M) = 10.7. Filled 
circles identify likely members. 



the analysis of the BVI photometry, following the 
method devised by Munari & Carraro (1996), which 
yields E(B - V) =0.10±0.05. 

In Fig. 5 we present three CMDs for the stars in the 
field of NGC 7036. In the left panel we plot all the stars, 
in the middle panel we plot the stars lying in the ring 
1.5 < r < 3.5 where we have seem that the brightest stars 
are confined. Finally, in the right panel we plot the same 
stars, but in the plane {U — B) vs V . The dotted line 



indicates a magnitude limit for probable members. These 
latter are indicated with filled symbols. 
It is very difficult to get an estimate of the cluster age 
and distance since apparently there are no evolved stars. 
This can be explained statistically, since the cluster is 
intrinsically poorly populated, and therefore the absence 
of evolved stars is not completely unexpected. The only 
star which stays in the evolved region of the CMD is also 
the brightest one, and is very probably a field star located 
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1.0 - 




Fig. 4. NGC 7036 stars brighter than V = 17 in the 

{B - V) vs {B - I) plane. 



Fig. 6. A red DSS map of the covered region in the field 
of NGC 7772. North is up, East on the left. 



between us and NGC 7036, since it appears projected 
apart from the cluster central region. 
To have a rough estimate of cluster distance we have to 
rely only on MS stars, and we proceed as follows. 
Prom the location of stars in the {B — V) vs {U — B) 
plane, we infer that the stars spectral types range from 
about GO to M2 by deriving the absolute colors from 
the ZAMS at the same position of the stars. This implies 
that the distance modulus is (m — M) « 10.7 ± 0.5, which 
corresponds to a distance of about 1 kpc. Moreover, if 
the stars having GO spectral type are still along the Main 
Sequence (MS), we infer a probable age of about 3-4 Gyr. 

In conclusion, we are tempted to suggest that 
NGC 7036 is indeed an OCR having 17 likely members, 
whose properties are summarized in Table 3. Star counts 
seem to support this suggestion. CCDs and CMDs are 
more difficult to interpret. Anyway, if NGC 7036 is a 
bound stellar aggregate, what remains is an old, weakly 
reddened star cluster 1 kpc far from the Sun. 



4. NGC 7772 

NGC 7772 (OCL 230, see Fig. 6) appears as an asterism of 
8 bright stars in a poorly populated field. It resembles very 
closely NGC 6994 (Carraro 2000, Bassino et al. 2000). As 
for NGC 7036, this cluster has never studied insofar. 
In the field of the cluster there is the star GSC 01722- 
01669 (TYC 1722 1669 1), #1 in our numbering system, 
which presumably has no relation with NGC 7772, since 
it lies outside the cluster core. It is probably a blue star 
located between us and NGC 7772. 



All stars 



_L 



_L 



12 3 4 

R(arcmin) 

Fig. 7. Star counts in the field of of NGC 7772 as a func- 
tion of the radius. The dashed line is the field number 
density estimate provided by Bica et al. (2001). 

4.1. Star counts 

We derived the surface stellar density by performing star 
counts in concentric rings around stars #8 (selected as 
approximate cluster center) and then dividing by their 
respective surfaces. The final density profile and the cor- 
responding poissonian error bars are depicted in Fig. 7. In 
this figure we take into account all the measured stars. 
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Table 4. Photometry of likely member stars in the field of 
NGC 7772 deserving further spectroscopic investigation. 
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The surface density decreases sharply up to a radius of 
about 2 arcmin, afterwards the density profile it is basi- 
cally flat. Therefore NGC 7772 appears to be very com- 
pact with a core radius which at maximum amounts to 2 
arcmin. 

Also in this case star coimts indicate that we are facing a 
significant density contrast with respect to the field, whose 
bright stars (B = 13.5, V = 13.0) density in this direction 
is represented by the dashed line in Fig. 7. We coimt 5 
stars brighter than V = 13.0 in a field of about 9 squared 
arcmin, basically the same number reported by Bica et al. 
(2001, Table 1). 

4.2. Color-Color and Color-Magnitude Diagrams 

In order to better understand the nature of NGC 7772, 
we constructed CCDs and CMDs. The goal is again to 
get information about the cluster reddening, age and dis- 
tance. A hint of the cluster reddening derives from Schlegel 
et al. (1998) dust emission reddening maps. In the direc- 
tion of NGC 7772 the reddening is 0.04. This is basically 
confirmed by the analysis of the (B — V) vs (U — B) dia- 
gram presented in Fig. 8, where all the stars having UBV 
photometry are plotted. One can readily see that these 
stars lie along the empirical ZAMS (solid line) taken from 
Schmidt-Kaler (1982). 

The same result is obtained by considering the distribu- 
tion of the stars in the (B — V) vs (B — I) (see Fig. 9). 
By applying the Munari & Carraro (1996) method we 
infer a reddening E(B -V) = 0.05±0.03. 
As in the case of NGC 7036, we can infer the approximate 
spectral type by analysing colours in the (B — V) vs 
{JJ — B) plane. It turns out that the spectral type of 
possible members ranges from about ^8 to M3. In 
Fig. 10 we present three CMDs for the stars in the field 
of NGC 7772. In the left panel we plot all the stars, in 
the middle panel we plot the stars lying within r < 2.5 
where we have seen that the brightest stars are confined. 
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Fig. 8. Color-color diagram for all the stars in the field 
of NGC 7772 having UBV photometry. The sohd line is 
a Schmidt-Kaler (1982) empirical ZAMS. 



3.0 - 



PQ 



2.0 



1.0 




Fig. 9. NGC 7772 stars in the {B - V) vs (B - 1) plane. 



Finally, in the right panel we plot the same stars, but in 
the plane (V — /) vs V. 

Most of the stars in all the panels above = 16 are 
probable MS stars. There is only an exception, which is 
star #2, which lies within the cluster core, and that we 
consider as a giant star probable member of the cluster. 
In the three panels of Fig. 10 we have overlaid a solar 
metallicity isochrone taken from Girardi et al. (2000) for 
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the age of 1.5 Gyr. This isochrone provides a good fit of 
the data down to V =16.0 by adopting E(S -V) = 0.03 
and (m - M) = 11.1±G.3. Below V = 16.0, the MS starts 
to be ill defined. This is a clear signatures of low mass 
stars depletion, in nice analogy with -for instance- the 
cases of NGC 3680 (Anthony-Twarog et al. 1991) and 
NGC 7762 (Patat & Carraro 1995). 

In conclusion, we confirm previous suggestions by Bica 
et al. (2001) that NGC 7772 is an OCR 1.5 Gyr old. We 
identify 14 likely members, which are plotted with filled 
symbols in Fig. 10, and whose properties are summarized 
in Table 4. 

5. Conclusions 

We have presented the first CCD UBVI observation of 
the Probable Open Cluster Remnants NGC 7036 and 
NGC 7772. 

Our analysis suggests that: 

- NGC 7036 and NGC 7772 are two nice examples of 
intermediate-age open clusters in advanced stages of 
dynamical evolution; 

- NGC 7036 is a 3-4 Gyr open cluster located 1 kpc far 
from the Sun. However, we stress the fact that this 
cluster still remains a somewhat doubtful case, due to 
the absence of clear features in the CMDs; 

- NGC 7772 is a less doubtful case. We showed that 
the cluster underwent strong low mass stars depletion. 
What remains is a group of 14 stars 1.5 Gyr old and 
located 1.5 kpc away from the Sun. 

It is worth to remarking that the present results must be 
considered with some caution, and that the list of mem- 
bers must be better constrained by determining individ- 
ual star radial velocities and proper motions. This way 
these objects can become templates for N-body simulation 
aimed at investigating the dynamical evolution of open 
star clusters and the origin of the field star population 
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Fig. 10. CMDs of the stars in the region of NGC 7772. In the left panel we plot all the stars in the {B -V) ysV 

plane. In the middle and right panel wo consider only the stars within r < 2.5. The dotted line is a solar metallicity 
isochrone for the age of 1.5 Gyr taken from Girardi et al. (2000), and shifted by E{B — V)= 0.03 and {m — M) = 11.1. 
Filled circles identify likely members. 



